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DESCRIPTION 

Organic Electroluminescent Element and Luminescent Device 

Technical Field 

The present invention relates to an organic electroluminescent element 

(organic EL element) in which an organic layer having a luminescent region, is 

arranged between an anode and a cathode, and also to a luminescent device (such 

as display device) in which the organic EL element is used. 

Background Art 

Active research and development works are being carried out on 

light-weight, high-efficiency flat panel displays for use as the screens of computers 

and televisions. 

At present, Braun tubes (CRT) are most commonly used as displays 

because of their high brightness and good color reproducibility. On the other 

hand, they suffer the disadvantage of being bulky and heavy and high in power 

consumption. 

Although liquid-crystal displays of active matrix drive type have been 

commercialized as light-weight, high-efficiency flat panel displays, they have a 
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narrow viewing angle and need back light with a large power consumption when 

used in a dark environment (because they do not emit light spontaneously). 

Moreover, they are not satisfactory in response to high-speed, high-resolution 

video signals, which are expected to be put to practical use in near future. 

Another disadvantage is difficulties in production of large-screen displays and high 

production cost. 

An alternative to liquid crystal displays is a display with light-emitting 

diodes. It also suffers high production cost and presents difficulties in forming a 

matrix of light-emitting diodes on a single substrate. There are many problems to 

be solved before it is put to practical use as a low-price display which will displace 

Braun tubes. 

These problems are expected to be solved by a new flat panel display 

which is attracting attention recently. It is the organic electroluminescent element 

(EL element) made of an organic luminescent material. Using an organic 

compound as the luminescent material is expected to realize a flat panel display 

which emits light spontaneously, has a high response speed, and has no dependence 

on viewing angle. 

The organic electroluminescent element is composed of a transparent 

anode and a metal cathode, with an organic thin film interposed between them, the 



organic thin film containing a luminous material which emits light upon current 

injection. C. W. Tang, S. A. VanSlyke, et al. reported in Applied Physics Letters, 

vol. 51, No. 12, pp. 913-915 (1987) the development of an organic EL element of 

single-hetero structure in which the organic thin film is of double-layer structure 

consisting of a thin film of hole-transfer material and a thin film of 

electron-transfer material, so that the organic thin film emits light by 

recombination of holes and electrons injected into it from the anode and cathode, 

respectively. 

In the element of this structure, either the hole transfer material or the 

electron transfer material functions also as a luminous material, and light emission 

takes place in the wavelength region corresponding to the energy gap at the ground 

state and excited state of the luminous material. The double-layer structure 

greatly reduces the drive voltage and improves the luminescence efficiency. 

After that, C. Adachi, S. Tokita, T. Tsutsui, S. Saito, et al. reported in 

Japanese Journal of Applied Physics, Vol. 27, No. 2, pp. L269-L271 (1988) the 

development of an organic EL element of double-hetero structure having a 

triple-layer structure composed of hole-transfer material, luminous material, and 

electron transfer material. In addition, C. W. Tang, S. A. VanSlyke, and C. H. 

Chen, et al. reported in Journal of Applied Physics, Vol. 65, No. 9, pp. 3610-3616 



(1989) the development of a new element structure in which the electron transfer 

material contains a luminous material. Their researches proved the feasibility of 

high-luminance light emission at a low voltage and advanced new developments. 

The organic compound used as the luminous material is available in 

many kinds, and hence theoretically it will emit light of any desired color if its 

molecular structure is properly modified. It is easier to make an EL element with 

an organic compound than with an inorganic thin film, because an organic 

compound with proper molecular design produces high-purity three colors (red, 

green, and blue) necessary for the full-color display. 

However, actual organic EL elements have many problems to be solved. 

It is difficult to develop an element capable of emitting red light stably with high 

luminance. It has been reported that red light is obtained from an electron transfer 

material which is tris (8-quinolinol) aluminum (Alq3 for short hereinafter) doped 

with DCM [4-dicyanomethylene-6-(p-dimethylaminostyryl)-2-methyl-4H-pyran]. 

(Chem. Funct. Dyes, Proc. Int. Symp., 2nd P. 536 (1993)) Unfortunately, it is not 

satisfactory in brightness and reliability for use as the display material. 

T. Tsutsumi and D. U. Kim reported in Conference of Inorganic and 

Organic Electroluminescence (1996, Berlin) BSB-BCN. It gave a luminance 

higher than 1000 cd/m2 but it is still unsatisfactory in chromaticity of red for full 



color. 

At present, there is a demand for a luminous element capable of stably 

emitting red light with a higher luminance and a higher color purity. 

There was proposed in Japanese Patent Laid-open No. 188649/1995 

(Japanese Patent Application No. 148798/1994) a specific distyryl compound for 

use as an organic electroluminescent material. This compound is intended for 

blue color emission, not for red color emission. 

Disclosure of the Invention 

It is an object of the present invention to provide an organic 

electroluminescent element which stably emits red light having high luminance 

and good color purity with the aid of a compound having high fluorescence yields 

and good thermostability. 

It is another object of the present invention to provide an organic 

electroluminescent element containing a compound which inherently has high 

quantum yields, the element being so designed as to promote recombination of 

holes and electrons in the luminous layer, thereby permitting high-luminance, 

high-efficiency light emission. 

In order to address the above-mentioned problems, the present inventors 



carried out extensive studies, which led to the finding that it is possible to provide 

an organic electroluminescent element emitting red light with high luminance and 

high reliability if it has the light-emitting region composed of a specific 

aminostyryl compound and a material capable of transmitting energy efficiently to 

the compound. 

The present invention is directed to an organic electroluminescent 

element (occasionally referred to as the first organic EL element of the present 

invention hereinafter) in which an organic layer having a luminescent region is 

arranged between an anode and a cathode and an organic substance which emits 

light upon current injection is contained as a constituent, characterized in that said 

organic layer is constructed of at least one layer formed from a mixture containing 

at least one species of the aminostyryl compounds represented by the following 

general formula [I]. 

General formula [I] 

Y1-CH=CH-X1-CH=CH-Y2 

[where, in the general formula [I] above, X1 denotes any of the following general 

formulas (1) to (7) 
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(4) (5) (6) (7) 

(where, in the general formulas (1) to (3) above, at least one (for example, one or 

two) of R1 to R4 is a group selected from halogen atoms (such as fluorine atoms, 

chlorine atoms, and bromine atoms, the same shall apply hereinafter), nitro groups, 

cyano groups, and fluoroalkyl groups (such as trifluoromethyl group, the same 

shall apply hereinafter), and others are groups selected from hydrogen atom, alkyl 

groups, aryl groups, alkoxyl groups, halogen atoms, nitro groups, cyano groups, 

and fluoroalkyl groups, which are identical or different; in the general formulas (4) 

to (7), at least one (for example, one or two) of R5 to R10 is a group selected from 

halogen atoms, nitro groups, cyano groups, and fluoroalkyl groups, and others are 

groups selected from hydrogen atom, alkyl groups, aryl groups, alkoxyl groups, 

halogen atoms, nitro groups, cyano groups, and fluoroalkyl groups, which are 

identical or different.) 
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Y1 is a group represented by the following general formula (8) or (9), and Y2 is a 

group represented by the following general formula (8), (9), or (10). 

(where, in the general formulas (8) to (10) above, R11 and R12 each is a group 

selected from a hydrogen atom, alkyl groups with optional substituents, and aryl 

groups with optional substituents, which are identical or different; and R13 to R35 

each is a group selected from a hydrogen atom, alkyl groups with optional 

substituents, and aryl groups with optional substituents, alkoxyl groups with 

optional substituents, halogen atoms, nitro groups, cyano groups, and fluoroalkyl 

groups, which are identical or different.) 

In the general formula [I] above, X1 is a group represented by any one of 

the following structural formulas (11) to (14) 



CN 

CN 

CF3 

CF3 

CN 

CN 

CF3 

CF3 

(11) (12) (13) (14) 

and Y1 and Y2 each may be a group represented by the following general formula 

(8) or (9). (the same shall apply hereinafter) 

(where, in the general formulas (8) and (9) above, R and R are defined as above, 

R13 to R30 are defined as above (or a trifluoromethyl group if defined as fluoroalkyl 

groups). 

In the first organic EL element of the present invention, the organic layer 

may be of organic multilayer structure composed of a hole transfer layer and an 

electron transfer layer, with at least the electron transfer layer in the organic 

multilayer structure being the layer of a mixture containing at least one species of 
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the aminostyryl compounds represented by the general formula [I] above. 

The organic layer may be of organic multilayer structure composed of a 

hole transfer layer and an electron transfer layer, with at least the hole transfer 

layer in the organic multilayer structure being the layer of a mixture containing at 

least one species of the aminostyryl compounds represented by the general formula 

[I] above. 

The organic layer may be of organic multilayer structure composed of a 

hole transfer layer and an electron transfer layer, with the hole transfer layer being 

a layer of a mixture containing at least one species of the aminostyryl compounds 

represented by the general formula [I] above, and the electron transfer layer being 

the layer of a mixture containing at least one species of the aminostyryl compounds 

represented by the general formula [I] above. 

The organic layer may be of organic multilayer structure composed of a 

hole transfer layer, a luminescent layer, and an electron transfer layer, with at least 

the luminescent layer in the organic multilayer structure being the layer of a 

mixture containing at least one species of the aminostyryl compounds represented 

by the general formula [I] above. 

In the present invention, the material that can be used to form the 

mixture layer containing the aminostyryl compound include, in addition to the 
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aminostyryl compound, hole transfer materials (such as aromatic amines), electron 

transfer materials (such as Alq3 and pyrazoline), and a series of compounds 

generally used as a dopant for red light emission (such as DCM and its analogous 

compounds, porphylins, phthalocyanines, perylene compounds, Nile red, and 

squarilium compounds).   The same shall apply hereinafter. 

In the case where at least one species of the above-mentioned 

aminostyryl compounds is mixed with other compounds in the mixture layer, its 

amount is 0.1-95% (by weight) and the content of dopant may be determined 

within this range.   (The same shall apply hereinafter.) 

"Mixture layer" as used herein typically means a layer of a mixture of the 

above-mentioned aminostyryl compound and other compounds. It also means a 

layer of a mixture of two or more aminostyryl compounds included in the 

above-mentioned aminostyryl compounds. Such a mixture layer emits red light 

with desired luminance and chromaticity according to the combination of a 

plurality of compounds. 

The organic electroluminescent element of the present invention is 

suitable for a light-emitting device which is constructed for use as a display device. 

(The same shall apply hereinafter.) 

The present invention is also directed to an organic electroluminescent 
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element (occasionally referred to as the second organic EL element of the present 

invention hereinafter) in which an organic layer having a luminescent region is 

arranged between an anode and a cathode, characterized in that said organic layer 

is constructed of at least one layer formed from a mixture containing at least one 

species (one, two or more species) of the aminostyryl compounds represented by 

the following structural formulas (15)-1 to (15)-12, (16)-1 to (16)-12, (17)-1 to 

(17)-6, and (18)-1 to (18)-6. 





14 

0       « Q     0       «r 5 H3CO 
(H3O2N 

~N<CH*     W w f-Bu-0 ^r-0 

■ o     ^       Q    d ^ b af-Bu o-». (16)-7 (16)-8 . • 

H3C-O-P 

""^"^ H^"^ ~ ^H-QKCH^H-^-C^CH— 



15 

C8)-5 08>6 

In the second organic EL element of the present invention, the organic 

layer may be of organic multilayer structure composed of a hole transfer layer and 

an electron transfer layer, with at least the electron transfer layer in the organic 

multilayer structure being the layer of a mixture containing at least one species of 

the aminostyryl compounds. 
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The organic layer may be of organic multilayer structure composed of a 

hole transfer layer and an electron transfer layer, with at least the hole transfer 

layer in the organic multilayer structure being the layer of a mixture containing at 

least one species of the aminostyryl compounds. 

The organic layer may be of organic multilayer structure composed of a 

hole transfer layer and an electron transfer layer, with the hole transfer layer being 

a layer of a mixture containing at least one species of the aminostyryl compounds 

mentioned above, and the electron transfer layer being the layer of a mixture 

containing at least one species of the aminostyryl compounds. 

The organic layer may be of organic multilayer structure composed of a 

hole transfer layer, a luminescent layer, and an electron transfer layer, with at least 

the luminescent layer in the organic multilayer structure being the layer of a 

mixture containing at least one species of the aminostyryl compounds. 

The organic layer may be constructed such that at least one layer therein 

is a layer of a mixture containing at least one species of the aminostyryl 

compounds and a dye emitting red light which has the emission maximum in a 

range of 600 nm or more (for example, 600-700 nm, the same shall apply 

hereinafter). 

In this case, the organic layer may be of organic multilayer structure 
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composed of a hole transfer layer and an electron transfer layer, with said at least 

one layer in the laminate structure being the electron transfer layer. 

Also, the organic layer may be of organic multilayer structure composed 

of a hole transfer layer and an electron transfer layer, with said at least one layer in 

the laminate structure being the hole transfer layer. 

Also, the organic layer may be of organic multilayer structure composed 

of a hole transfer layer and an electron transfer layer, with the hole transfer layer 

being a layer of a mixture containing at least one species of the aminostyryl 

compounds and a dye emitting red light which has the emission maximum in a 

range of 600 nm or more, and the electron transfer layer being the layer of a 

mixture containing at least one species of the aminostyryl compounds and a dye 

emitting red light which has the emission maximum in a range of 600 nm or more. 

Also, the organic layer may be of organic multilayer structure composed 

of a hole transfer layer, a luminescent layer, and an electron transfer layer, with the 

luminescent layer being the layer of a mixture containing at least one species of the 

aminostyryl compounds and a dye emitting red light which has the emission 

maximum in a range of 600 nm or more. 

The present invention is also directed to an organic electroluminescent 

element (occasionally referred to as the third organic EL element of the present 



18 

invention hereinafter) in which an organic layer having a luminescent region is 

arranged between an anode and a cathode, characterized in that said organic layer 

is constructed of at least one layer formed from a light-emitting mixture containing 

at least one species (one, two, or more species) of the aminostyryl compounds 

represented by the general formula [I] above and there exists a hole blocking layer 

adjacent to (particularly in contact with) the cathode of the layer formed from a 

light-emitting mixture. 

In the third organic EL element of the present invention, the organic 

layer may be of organic multilayer structure composed of a hole transfer layer and 

an electron transfer layer, with at least the electron transfer layer in the organic 

multilayer structure being the layer of a mixture containing at least one species of 

the aminostyryl compounds represented by the general formula [I] above. 

Also, the organic layer may be of organic multilayer structure composed 

of a hole transfer layer and an electron transfer layer, with at least the hole transfer 

layer in the organic multilayer structure being the layer of a mixture containing at 

least one species of the aminostyryl compounds represented by the general formula 

[I] above. 

Also, the organic layer may be of organic multilayer structure composed 

of a hole transfer layer and an electron transfer layer, with the hole transfer layer 
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being the layer of a light-emitting mixture containing at least one species of the 

aminostyryl compounds represented by the general formula [I] above, and the 

electron transfer layer being the layer of a light-emitting mixture containing at least 

one species of the aminostyryl compounds represented by the general formula [I] 

above, and there exists a hole blocking layer adjacent to the cathode of the layer 

formed from a light-emitting mixture capable of electron transfer. . 

The organic layer may be of organic multilayer structure composed of a 

hole transfer layer, a luminescent layer, and an electron transfer layer, with at least 

the luminescent layer in the organic multilayer structure being the layer of a 

light-emitting mixture containing at least one species of the aminostyryl 

compounds represented by the general formula [I] above. 

In the third organic EL element of the present invention, the hole 

blocking layer should be one which promotes the recombination of holes and 

electrons in the luminescent layer, thereby efficiently emitting light with high 

luminance. The material suitable for such a hole blocking layer should preferably 

be one which has the following energy state. (The same shall apply hereinafter.) 

That is, the highest occupied molecular orbital level of the material forming the 

hole blocking layer is at a lower energy level than the highest occupied molecular 

orbital level of the material forming the layer in contact with the anode of the hole 
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blocking layer. Besides, the lowest unoccupied molecular orbital level of the 

material forming the hole blocking layer is at a higher energy level than the lowest 

unoccupied molecular orbital level of the material forming the layer in contact with 

the anode of the hole blocking layer and is also at a lower energy level than the 

lowest unoccupied molecular orbital level of material forming the layer in contact 

with the cathode of the hole blocking layer. 

Such materials include those phenanthroline derivatives which are 

disclosed in Japanese Patent Laid-open Nos. 79297/1998, 204258/1999, 

204264/1999, and 204259/1999. They are not restricted to phenanthroline 

derivatives so long as they meet the above-mentioned condition of energy level. 

Those phenanthroline derivatives which can be used are shown below. 

General formula of phenanthroline derivatives: 

R1 R8 

(where, in the general formula above, R1 to R8 each denotes a hydrogen atom, 

substituted or unsubstituted alkyl group, substituted or unsubstituted aryl group, 

substituted or unsubstituted amino group, halogen atom, cyano group, or hydroxyl 



group.) 
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The present invention is directed to an organic electroluminescent 

element (occasionally referred to as the fourth organic EL element hereinafter) in 

which an organic layer having a luminescent region is arranged between an anode 

and a cathode, characterized in that said organic layer is constructed of at least one 

layer formed from a mixture containing at least one species (one, two, or more) of 

the aminostyryl compounds represented by the above-mentioned structural 

formulas (15)-1 to (15)-12, (16)-1 to (16)-12, (17)-1 to (17>6, and (18)-1 to (18)-6, 

and there exists a hole blocking layer adjacent to the cathode of the layer formed 

from a light-emitting mixture. 

In the fourth organic EL element, the organic layer may be of organic 

multilayer structure composed of a hole transfer layer and an electron transfer layer, 

with at least the electron transfer layer in the organic multilayer structure being the 

layer of a light-emitting mixture containing at least one species of the aminostyryl 

compounds. 

Also, the organic layer may be of organic multilayer structure composed 

of a hole transfer layer and an electron transfer layer, with at least the hole transfer 

layer in the organic multilayer structure being a layer of a light-emitting mixture 

containing at least one species of the aminostyryl compounds. 

Also, the organic layer may be of organic multilayer structure composed 
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of a hole transfer layer and an electron transfer layer, with the hole transfer layer 

being a layer of a light-emitting mixture containing at least one species of the 

aminostyryl compounds, and the electron transfer layer being the layer of a 

light-emitting mixture containing at least one species of the aminostyryl 

compounds, and there exists a hole blocking layer adjacent to the cathode of the 

layer formed from a light-emitting mixture capable of electron,transfer. 

Also, the organic layer may be of organic multilayer structure composed 

of a hole transfer layer, a luminescent layer, and an electron transfer layer, with at 

least the luminescent layer in the organic multilayer structure being a layer of a 

light-emitting mixture containing at least one species of the aminostyryl 

compounds mentioned above. 

Also, the organic layer may be constructed such that said at least one 

layer therein is the layer of a light-emitting mixture containing at least one species 

of the aminostyryl compounds and a dye emitting red light which has the emission 

maximum in a range of 600 nm or more. 

In this case, the organic layer may be of organic multilayer structure 

composed of a hole transfer layer and an electron transfer layer, with said at least 

one layer in the laminate structure being the electron transfer layer. 

Also, the organic layer may be of organic multilayer structure composed 
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of a hole transfer layer and an electron transfer layer, with said at least one layer in 

the laminate structure being the hole transfer layer. 

Also, the organic layer may be of organic multilayer structure composed 

of a hole transfer layer and an electron transfer layer, with the hole transfer layer 

being the layer of a light-emitting mixture containing at least one species of the 

aminostyryl compounds and a dye emitting red light which has the emission 

maximum in the region beyond 600 nm, and the electron transfer layer being a 

layer of a light-emitting mixture containing at least one species of the aminostyryl 

compounds and a dye emitting red light which has the emission maximum in a 

range of 600 nm or more, and there exists a hole blocking layer adjacent to the 

cathode of the layer formed from a light-emitting mixture capable of electron 

transfer. 

Also, the organic layer may be of organic multilayer structure composed 

of a hole transfer layer, a luminescent layer, and an electron transfer layer, with the 

luminescent layer being the layer of a light-emitting mixture containing at least one 

species of the aminostyryl compounds and a dye emitting red light which has the 

emission maximum in a range of 600 nm or more. 

The present invention is also directed to an organic electroluminescent 

element (occasionally referred to as the fifth organic EL element of the present 
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invention hereinafter) in which an organic layer having a luminescent region is 

arranged between an anode and a cathode, characterized in that said organic layer 

is constructed of at least one layer formed from a aminostyryl compound 

represented by the above-mentioned general formula [I] and there exists a hole 

blocking layer adjacent to (particularly in contact with) the cathode of the layer of 

aminostyryl compound. 

In the fifth organic electroluminescent element of the present invention, 

the organic layer may be of organic multilayer structure composed of a hole 

transfer layer and an electron transfer layer, with at least the electron transfer layer 

in the organic multilayer structure being a layer of said aminostyryl compound. 

Also, the organic layer may be of organic multilayer structure composed 

of a hole transfer layer and an electron transfer layer, with at least the hole transfer 

layer in the organic multilayer structure being the layer of said aminostyryl 

compound. 

Also, the organic layer may be of organic multilayer structure composed 

of a hole transfer layer and an electron transfer layer, with the hole transfer layer 

being the layer of the aminostyryl compound, and the electron transfer layer being 

the layer of the aminostyryl compound, and there exists the hole blocking layer 

adjacent to the cathode of the layer of aminostyryl compound capable of electron 
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transfer. 

Also, the organic layer may be of organic multilayer structure composed 

of a hole transfer layer, a luminescent layer, and an electron transfer layer, with at 

least the luminescent layer in the organic multilayer structure being the layer of the 

aminostyryl compound. 

In the fifth organic EL element of the present invention, the hole 

blocking layer may be constructed in the same way as that in the third organic EL 
O 
~V_        element of the present invention. 
5 

The present invention is also directed to an organic electroluminescent fij 
element (occasionally referred to as the sixth organic element of the present 

invention) in which an organic layer having a luminescent region is arranged 

Tj        between an anode and a cathode, characterized in that said organic layer is 
fu 

constructed of at least one layer formed solely from an aminostyryl compound 

selected from the aminostyryl compounds represented by the above-mentioned 

structural formulas (15)-1 to (15)-12, (16)-1 to (16)-12, (17)-1 to (17)-6, and (18)-1 

to (18)-6, and there exists a hole blocking layer adjacent to the cathode of the layer 

of said aminostyryl compound. 

In the sixth organic EL element of the present invention, the organic 

layer may be of organic multilayer structure composed of a hole transfer layer and 
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an electron transfer layer, with at least the electron transfer layer in the organic 

multilayer structure being the layer of said aminostyryl compound. 

Also, the organic layer may be of organic multilayer structure composed 

of a hole transfer layer and an electron transfer layer, with at least the hole transfer 

layer in the organic multilayer structure being the layer of said aminostyryl 

compound. 

Also, the organic layer many be of organic multilayer structure 

composed of a hole transfer layer and an electron transfer layer, with the hole 

transfer layer, being the layer of the aminostyryl compound, and the electron 

transfer layer being the layer of the aminostyryl compound, and there exists the 

hole blocking layer adjacent to the cathode of the layer of aminostyryl compound 

capable of electron transfer. 

Also, the organic layer may be of organic multilayer structure composed 

of a hole transfer layer, a luminescent layer, and an electron transfer layer, with at 

least the luminescent layer in the organic multilayer structure being the layer of the 

aminostyryl compound. 

Figs. 1 to 9 show the examples of the organic electroluminescent element 

(organic EL element) pertaining to the present invention. 

Fig. 1 shows a transmission-type organic electroluminescent element A 
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which is constructed such that the emitted light 20 passes through the cathode 3. 

The emitted light 20 is also visible from the side of the protective layer 4. Fig. 2 

shows a reflection-type organic electroluminescent element B which is constructed 

such that the emitted light 20 is reflected by the cathode 3. 

In Figs. 1 and 2, there is shown a substrate 1 on which is formed the 

organic electroluminescent element. It may be made of glass, plastics, or any 

other appropriate material. In the case where the organic electroluminescent 

element is used in combination with any other display element, the substrate may 

be used in common. There is shown a transparent electrode (anode) 2, which 

may be made of ITO (indium tin oxide) or Sn02. 

There is shown an organic luminescent layer 5, which contains the 

above-mentioned aminostyryl compound as a luminescent material. (The 

aminostyryl compound may be used individually in combination with any other 

compound or more than one kind of aminostyryl compound may be used in 

combination with one another. The same shall apply hereinafter.) The organic 

luminescent layer capable of obtaining organic electroluminescent light 20 may 

have any known layer construction. In the case where either of the hole transfer 

layer or the electron transfer layer is formed from a luminescent material, the 

luminescent layer may be formed from thin layers placed one over another, as 
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explained later. Both or either of the hole transfer layer and the electron transfer 

layer may be of laminate structure composed of thin films of a plurality of 

materials or may be a thin film composed of a plurality of materials. This 

structure may be used to increase the charge transfer performance to such an extent 

as to meet the object of the present invention. Another layer structure that can be 

used to increase the luminescent performance includes one in which a thin film of 

at least one kind of fluorescent material is interposed between the hole transfer 

layer and the electron transfer layer, or one in which at least one kind of 

fluorescent material is contained in both the hole transfer layer and the electron 

transfer layer. In this case the layer structure may contain an additional thin film 

to control the hole transfer or electron transfer, thereby improving the 

luminescence efficiency. 

The aminostyryl compound represented by the above-mentioned general 

formula [1] is capable of both electron transfer and hole transfer; therefore, it can 

be used as the light-emitting layer which functions also as the electron transfer 

layer or as the light-emitting layer which functions also as the hole transfer layer. 

The electroluminescent element may be constructed such that the light-emitting 

layer (which is formed from said compound) is interposed between the electron 

transfer layer and the hole transfer layer. 
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Incidentally, in Figs. 1 and 2, there is shown a cathode 3. The cathode 

may be formed from an alloy of active metal (such as Li, Mg, and Ca) and metal 

(such as Ag, Al, and In), or may be formed from layers of these metals. In the 

case of an organic electroluminescent element of transmission type, the cathode 

may have an adequate thickness so that a desired light transmittance is attained for 

specific uses. In addition, there is shown a sealing/protective layer 4, which 

entirely covers the organic electroluminescent element to ensure its performance. 

It can be formed from any material which maintains air tightness. 

The organic electroluminescent element according to the present 

invention may have an organic layer of laminate structure (or single-hetero 

structure) which is composed of a hole transfer layer and an electron transfer layer. 

In this case, the hole transfer layer or the electron transfer layer may be formed 

from a mixture containing the above-mentioned aminostyryl compound. 

Alternatively, the organic layer may be of double-hetero structure, in which a hole 

transfer layer, a luminescent layer, and an electron transfer layer are sequentially 

laminated on top of the other. In this case, the luminescent layer is formed from a 

mixture containing the above-mentioned aminostyryl compound. 

An embodiment of the organic electroluminescent element of organic 

multilayer structure as mentioned above is illustrated in Fig. 3.   It consists of a 
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transparent substrate 1, a transparent anode 2, an organic layer 5a (composed of a 

hole transfer layer 6 and an electron transfer layer 7), and a cathode 3, which are 

sequentially placed on top of the other. The entire laminate structure is sealed 

with a protective layer 4. (Organic electroluminescent element C of single-hetero 

structure) 

The element of layer structure shown in Fig. 3 (in which the luminescent 

layer is omitted) emits light 20 of desired wavelength from the interface between 

the hole transfer layer 6 and the electron transfer layer 7. The emitted light is 

visible through the substrate 1. 

An embodiment of laminate structure shown in Fig. 4 consists of a 

transparent substrate 1, a transparent anode 2, an organic layer 5b (composed of a 

hole transfer layer 10, a luminescent layer 11, and an electron transfer layer 12), 

and a cathode 3, which are sequentially placed on top of the other. The entire 

laminate structure is sealed with a protective layer 4. (Organic electroluminescent 

element D of double-hetero structure) 

The organic electroluminescent element shown in Fig. 4 works as 

follows. A dc voltage applied across the anode 2 and the cathode 3 causes holes 

(injected from the anode 2) to reach the luminescent layer 11 through the hole 

transfer layer 10 and also causes electrons (injected from the cathode 3) to reach 
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the luminescent layer 11 through the electron transfer layer 12. As the result, 

recombination of electrons and holes takes place in the luminescent layer 11, 

thereby giving rise to singlet excitons which emit light of desired wavelength. 

In the above-mentioned organic electroluminescent elements C and D, 

the substrate 1 may be formed from any transparent material such as glass and 

plastics. If this element is used in combination with other display element or if 

the elements of laminate structure as shown in Figs. 3 and 4 are arranged in a 

matrix, one substrate may be used in common. Also, the elements C and D may 

be either of transmission type or of reflection type. 

The anode 2 is a transparent electrode, which may be made of ITO or 

Sn02. A thin film of organic substance or organometallic compound may be 

interposed between the anode 2 and the hole transfer layer 6 (or 10) for 

improvement in the charge injection efficiency. In the case where the protective 

film 4 is made of an electrically conductive material such as metal, then the anode 

2 may be surrounded by an insulating film. 

In the organic electroluminescent element C, the organic layer 5a is 

composed of the hole transfer layer 6 and the electron transfer layer 7, and the 

above-mentioned aminostyryl compound is contained in either of them. In this 

case, the hole transfer layer 6 or the electron transfer layer 7 emits light.   In the 
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organic electroluminescent element D, the organic layer 5b is composed of the hole 

transfer layer 10, the luminescent layer 11 (containing the above-mentioned 

aminostyryl compound), and the electron transfer layer 12 which are laminated on 

top of the other. The layer structure may be modified in any other way. For 

example, either or both of the hole transfer layer and the electron transfer layer 

may emit light. 

In addition, the hole transfer layer may be constructed of laminate of 

several kinds of hole transfer materials for improvement in the hole transfer 

performance. 

In the organic electroluminescent element C, the luminescent layer may be 

the electron transferring luminescent layer 7. In this case, light is emitted from 

the hole transfer layer 6 or the interface thereof depending on voltage applied from 

the power source 8. Likewise, in the organic electroluminescent element D, the 

electron transfer layer 12 or the hole transfer layer 10 may also function as the 

luminescent layer 11. A desirable structure for improved luminescent 

performance is such that a luminescent layer 11 containing at least one kind of 

fluorescent material is interposed between the hole transfer layer 11 and the 

electron transfer layer 12. Alternatively, the fluorescent material may be 

contained in either or both of the hole transfer layer and the electron transfer layer. 
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In this case, the layer structure may contain a thin film (such as hole blocking layer 

and exciton generating layer) to control the transfer of holes or electrons for 

improvement in the light-emitting performance. 

The cathode 3 may be formed from an alloy of active metal (such as Li, 

Mg, and Ca) and metal (such as Ag, Al, and In). These metals may be used in the 

form of laminate layers. The thickness and material of the cathode should be 

properly selected according to the use of the organic electroluminescent element. 

The protective layer 4 functions as a sealing film. It should cover the 

organic electroluminescent element entirely so as to improve the charge injection 

efficiency and the light-emitting efficiency. It may be formed from any material 

(such as aluminum, gold, and chromium in the form of metal or alloy) so long as it 

keeps air tightness. 

The above-mentioned organic electroluminescent elements work upon 

application of direct current. However, they may be operated by pulse current or 

alternating current. The magnitude of current and voltage is not specifically 

restricted so long as the element is not broken. It is desirable that the element 

emits light efficiency with a small amount of electric energy in view of the power 

consumption and life of the organic electroluminescent elements. 

The organic EL elements A to D shown in Figs. 1 to 4 may be modified 
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as shown in Figs. 5 to 9 (designated by A' to D' , respectively). They have a hole 

blocking layer 30 adjacent to the luminescent layer 5, the hole transfer layer 6, the 

electron transfer layer 7, or the luminescent layer 11 (the side facing the cathode 3). 

The above-mentioned aminostyryl compound may be used individually in 

combination with any other compound or more than one kind of aminostyryl 

compound may be used in combination with one another, or a single aminostyryl 

compound may form the layer. 

The organic electroluminescent elements of the present invention may be 

used to construct a flat display as shown in Fig. 10. For full-color display, the 

organic layer 5 (5a, 5b), each capable of emitting primary color of red (R), green 

(G), and blue (B), are interposed between the cathode 3 and the anode 2. The 

cathode 3 and anode 2 may be stripes intersecting each other. Each element is 

selected by the luminance signal circuit 14 and the control circuit 15 having a shift 

register. A signal voltage is applied according to the selection, so that the organic 

layer (pixel) at the intersection of the selected cathode 3 and anode 2 emits light. 

An embodiment of simple matrix (8X3 RGB) is shown in Fig. 10. It 

is constructed such that a laminate 5 is interposed between the cathode 3 and the 

anode 2. This laminate is composed of the hole transfer layer and at least either 

of the luminescent layer and the electron transfer layer.   (See Figs. 3 or 4.) Both 
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the cathode and the anode are patterned in stripe form so that they intersect each 

other at right angles. Signal voltage is applied sequentially by the control circuits 

15 (with a shift register) and the luminance signal circuit 14. The element at the 

intersection emits light. The EL element constructed in this way can be used as a 

display for characters and signs and it can also be used as an image reproducing 

apparatus. If the stripe pattern of the cathode 3 and anode 2 is arranged for each 

of red (R), green (G), and blue (B) colors, a multi-color or full-color solid flat 

display panel can be constructed. 

Brief description of the drawings 

Fig. 1 is a schematic sectional view showing important parts of the organic 

electroluminescent element in one example of the present invention. 

Fig. 2 is a schematic sectional view showing important parts of the organic 

electroluminescent element in another example of the present invention. 

Fig. 3 is a schematic sectional view showing important parts of the organic 

electroluminescent element in another example of the present invention. 

Fig. 4 is a schematic sectional view showing important parts of the organic 

electroluminescent element in another example of the present invention. 

Fig. 5 is a schematic sectional view showing important parts of the organic 
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electroluminescent element in another example of the present invention. 

Fig. 6 is a schematic sectional view showing important parts of the organic 

electroluminescent element in another example of the present invention. 

Fig. 7 is a schematic sectional view showing important parts of the organic 

electroluminescent element in another example of the present invention. 

Fig. 8 is a schematic sectional view showing important parts of the organic 

electroluminescent element in another example of the present invention. 

Fig. 9 is a schematic sectional view showing important parts of the organic 

electroluminescent element in another example of the present invention. 

Fig. 10 is a diagram showing the structure of a full-color flat display 

composed of the organic electroluminescent elements according to the present 

invention. 

Best Mode for Carrying Out the Invention 

The invention will be described in more detail with reference to the 

following examples, which are not intended to restrict the scope thereof. 

Example 1 

This    example    demonstrates   the    production    of   an organic 

electroluminescent element of single hetero structure in which the luminescent 
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layer capable of hole transfer is made of a mixture of an aminostyryl compound 

represented by the following structural formula (15)-3 and a-NPD 

(a-naphthylphenyl diamine). The former is one of the aminostyryl compounds 

represented by the above-mentioned general formula [I]. 

First, the process was started by setting in a vacuum vapor deposition 

apparatus a glass substrate (30 X 30 mm) having a 100-nm thick anode of ITO 

formed on one side thereof. The substrate was covered with a metal mask having 

a plurality of unit openings each measuring 2.0 X 2.0 mm. On the substrate 

was deposited by vacuum deposition (at 10 4 Pa or less) the aminostyryl compound 

of the above-mentioned structural formula (15)-3 and a-NPD (as the hole transfer 

Structural formula (15)-3: 

a-NPD: 



39 

material). There was formed a 50-nm thick hole transfer layer (functioning also 

as a luminescent layer) consisting of the two components in a ratio of 1:1 by 

weight.   The rate of deposition was 0.1 nm/sec. 

Then, on the hole transfer layer was formed a 50-nm thick electron 

transfer layer by vacuum deposition from Alq3 (tris(8-quinolinol)aluminum) 

represented by the following structural formula. The rate of deposition was 0.2 

nm/sec. 

The cathode (in laminate structure) was formed from Mg and Ag by 

vacuum deposition. The Mg film was 50 nm thick and the Ag film was 150 nm 

thick.   The rate of deposition was 1 nm/sec.   Thus there was obtained the organic 
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electroluminescent element as shown Fig. 3. 

The organic electroluminescent element of Example 1 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis 

with a spectroscope having a photodiode array as a detector (made by Otsuka 

Electronics Co., Ltd.), the emitted light was found to have the luminescent peak at 

about 630 nm. In addition, the emitted light was found to have a luminance of 

2000 cd/m2 at 8V according to the measurements of luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 900 hours for the element to decrease in 

luminance by half. 

Example 2 

This example demonstrates the production of an organic 

electroluminescent element of single hetero structure in which the luminescent 

layer capable of electron transfer is made of a mixture of an aminostyryl compound 

represented by the above-mentioned structural formula (15)-3 and Alq3. The 
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former is one of the aminostyryl compounds represented by the above-mentioned 

general formula [I]. 

First, the process was started by setting in a vacuum vapor deposition 

apparatus a glass substrate (30 X 30 mm) having a 100-nm thick anode of ITO 

formed on one side thereof. The substrate was covered with a metal mask having 

a plurality of unit openings each measuring 2.0 X 2.0 mm. On the substrate 

was deposited a-NPD by vacuum deposition (at 10"4 Pa or less) to form a 50-nm 

thick film.    The rate of deposition was 0.1 nm/sec. 

Then, on the hole transfer layer was formed a layer of a 1:1 mixture (by 

weight) composed of the aminostyryl compound of the above-mentioned structural 

formula (15)-3 and Alq3 (as the electron transfer material). Thus there was 

formed a 50-nm thick electron transfer layer (which functions also as the 

luminescent layer) consisting of the aminostyryl compound of structural formula 

(15)-3 and Alq3.   The rate of deposition was 0.2 nm/sec each. 

The cathode (in laminate structure) was formed from Mg and Ag by 

vacuum deposition. The Mg film was 50 nm thick and the Ag film was 150 nm 

thick. The rate of deposition was 1 nm/sec. Thus there was obtained the organic 

electroluminescent element as shown Fig. 3. 

The organic electroluminescent element of Example 2 produced in this 
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manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 1, the emitted light was found to have the luminescent 

peak at about 630 nm. In addition, the emitted light was found to have a 

luminance of 1200 cd/m2 at 8V according to the measurements of luminance at 

various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 800 hours for the element to decrease in 

luminance by half. 

Example 3 

This example demonstrates the production of an organic 

electroluminescent element of double hetero structure in which the luminescent 

layer capable of electron transfer is made of a mixture of an aminostyryl compound 

represented by the above-mentioned structural formula (15)-3 and Alq3. The 

former is one of the aminostyryl compounds represented by the above-mentioned 

general formula [I]. 
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First, the process was started by setting in a vacuum vapor deposition 

apparatus a glass substrate (30 X 30 mm) having a 100-nm thick anode of ITO 

formed on one side thereof. The substrate was covered with a metal mask having 

a plurality of unit openings each measuring 2.0 X 2.0 mm. On the substrate 

was deposited a-NPD by vacuum deposition (at 10~4 Pa or less) to form a 30-nm 

thick film.    The rate of deposition was 0.2 nm/sec. 

Then, on the hole transfer layer was formed a layer of a 1:1 mixture (by 

weight) composed of the aminostyryl compound of the above-mentioned structural 

formula (15)-3 and Alq3 (as the luminescent material). Thus there was formed a 

30-nm thick luminescent layer consisting of the aminostyryl compound of 

structural formula (15)-3 and Alq3.   The rate of deposition was 0.2 nm/sec each. 

Further, on the luminescent layer was formed a 30 nm thick electron 

transfer layer by vacuum deposition from Alq3. The rate of deposition was 0.2 

nm/sec. 

The cathode (in laminate structure) was formed from Mg and Ag by 

vacuum deposition. The Mg film was 50 nm thick and the Ag film was 150 nm 

thick. The rate of deposition was 1 nm/sec. Thus there was obtained the organic 

electroluminescent element as shown Fig. 4. 

The organic electroluminescent element produced in this manner was 
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examined for luminescent characteristics by applying a forward bias dc voltage in 

a nitrogen atmosphere. It emitted red light. By spectral analysis in the same 

way as in Example 1, the emitted light was found to have the luminescent peak at 

about 630 nm. In addition, the emitted light was found to have a luminance of 

2500 cd/m2 at 8V according to the measurements of luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 1500 hours for the element to decrease in 

luminance by half. 

Example 4 

This example demonstrates the production of an organic 

electroluminescent element of double hetero structure in which the luminescent 

layer is made of a mixture of an aminostyryl compound represented by the 

above-mentioned structural formula (15)-3 and an aminostyryl compound 

represented by the following structural formula (15)-1. The former is one of the 

aminostyryl compounds represented by the above-mentioned general formula [I]. 
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Structural formula (15)-1: 

First, the process was started by setting in a vacuum vapor deposition 

apparatus a glass substrate (30 X 30 mm) having a 100-nm thick anode of ITO 

formed on one side thereof. The substrate was covered with a metal mask having 

a plurality of unit openings each measuring 2.0 X 2.0 mm. On the substrate 

was deposited a-NPD by vacuum deposition (at lower than 10 4 Pa) to form a 

30-nm thick film.   The rate of deposition was 0.2 nm/sec. 

Then, on the hole transfer layer was formed a layer of a 1:3 mixture (by 

weight) composed of the aminostyryl compound of the above-mentioned structural 

formula (15)-3 and the aminostyryl compound of the above-mentioned structural 

formula (15)-1. Thus there was formed a 30-nm thick luminescent layer 

consisting of the aminostyryl compound of structural formula (15)-3 and the 

aminostyryl compound of structural formula (15)-1. The rate of deposition was 

0.1 nm/sec for the former compound and 0.3 nm/sec for the latter compound. 

Further, on the luminescent layer was formed a 30-nm thick electron 

transfer layer by vacuum deposition from Alq3.   The rate of deposition was 0.2 
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nm/sec. 

The cathode (in laminate structure) was formed from Mg and Ag by 

vacuum deposition. The Mg film was 50 nm thick and the Ag film was 150 nm 

thick. The rate of deposition was 1 nm/sec. Thus there was obtained the organic 

electroluminescent element as shown Fig. 4. 

The organic electroluminescent element of Example 3 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis 

in the same way as in Example 1, the emitted light was found to have the 

luminescent peak at about 640 nm. In addition, the emitted light was found to 

have a luminance of 3000 cd/m2 at 8V according to the measurements of 

luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 1200 hours for the element to decrease in 

luminance by half. 

Example 5 
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This example demonstrates the production of an organic 

electroluminescent element of single hetero structure in which the luminescent 

layer capable of electron transfer is made of a mixture of an aminostyryl compound 

represented by the above-mentioned structural formula (15)-3 and DCM 

represented by the following structural formula. The former is one of the 

aminostyryl compounds represented by the above-mentioned general formula [I]. 

DCM: 

First, the process was started by setting in a vacuum vapor deposition 

apparatus a glass substrate (30 X 30 mm) having a 100-nm thick anode of ITO 

formed on one side thereof. The substrate was covered with a metal mask having 

a plurality of unit openings each measuring 2.0 X 2.0 mm.   On the substrate 
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was deposited a-NPD of the above-mentioned structure by vacuum deposition (at 

10"4 Pa or less) to form a 50-nm thick film. The rate of deposition was 0.1 

nm/sec. 

Then, on the hole transfer layer was formed a layer of a 10:1 mixture (by 

weight) composed of the aminostyryl compound of the above-mentioned structural 

formula (15)-3 and the above-mentioned DCM. Thus there was formed a 50-nm 

thick electron transfer layer (which functions also as the luminescent layer) 

consisting of the aminostyryl compound of structural formula (15)-3 and the 

above-mentioned DCM. The rate of deposition was 0.5 nm/sec for the former 

compound and 0.05 nm/sec for the latter compound. 

The cathode (in laminate structure) was formed from Mg and Ag by 

vacuum deposition. The Mg film was 50 nm thick and the Ag film was 150 nm 

thick. The rate of deposition was 1 nm/sec. Thus there was obtained the organic 

electroluminescent element as shown Fig. 3. 

The organic electroluminescent element of Example 5 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 1, the emitted light was found to have the luminescent 

peak at about 630 nm.   In addition, the emitted light was found to have a 
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luminance of 800 cd/m2 at 8V according to the measurements of luminance at 

various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 500 hours for the element to decrease in 

luminance by half. 

Example 6 

This example demonstrates the production of an organic 

electroluminescent element of single hetero structure in which the luminescent 

layer capable of electron transfer is made of a mixture of an aminostyryl compound 

represented by the following structural formula (15)-2 and Alq3. The former is 

one of the aminostyryl compounds represented by the above-mentioned general 

formula [I]. 

Structural formula (15)-2: 
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The organic electroluminescent element was identical with that of 

Example 2 in layer structure and method of film formation. 

The organic electroluminescent element of Example 6 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted orange light. By spectral 

analysis in the same way as in Example 1, the emitted light was found to have the 

luminescent peak at about 590 nm. In addition, the emitted light was found to 

have a luminance of 850 cd/m2 at 8V according to the measurements of luminance 

at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 600 hours for the element to decrease in 

luminance by half. 

Example 7 

This example demonstrates the production of an organic 

electroluminescent element of single hetero structure in which the luminescent 

layer capable of electron transfer is made of a mixture of an aminostyryl compound 
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represented by the following structural formula (15)-4 and Alq3. The former is 

one of the aminostyryl compounds represented by the above-mentioned general 

formula [I]. 

Structural formula (15)-4: 

The organic electroluminescent element was identical with that of 

Example 2 in layer structure and method of film formation. 

The organic electroluminescent element of Example 7 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 1, the emitted light was found to have the luminescent 

peak at about 610 nm. In addition, the emitted light was found to have a 

luminance of 800 cd/m2 at 8V according to the measurements of luminance at 

various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration.   For accelerated deterioration, the element with 
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an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current.   It took 450 hours for the element to decrease in 

luminance by half. 

Example 8 

This example demonstrates the production of an organic 

electroluminescent element of single hetero structure in which the luminescent 

layer capable of electron transfer is made of a mixture of an aminostyryl compound 

represented by the following structural formula (15)-6 and Alq3. The former is 

one of the aminostyryl compounds represented by the above-mentioned general 

formula [I]. 

Structural formula (15)-6: 

The organic electroluminescent element was identical with that of 

Example 2 in layer structure and method of film formation. 

The organic electroluminescent element of Example 8 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere.   It emitted orange light.   By spectral 
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analysis in the same way as in Example 1, the emitted light was found to have the 

luminescent peak at about 585 nm. In addition, the emitted light was found to 

have a luminance of 500 cd/m2 at 8V according to the measurements of luminance 

at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 200 hours for the element to decrease in 

luminance by half. 

Example 9 

This example demonstrates the production of an organic 

electroluminescent element of single hetero structure in which the luminescent 

layer capable of electron transfer is made of a mixture of an aminostyryl compound 

represented by the following structural formula (15)-7 and Alq3. The former is 

one of the aminostyryl compounds represented by the above-mentioned general 

formula [I]. 
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Structural formula (15)-7: 

The organic electroluminescent element was identical with that of 

Example 2 in layer structure and method of film formation. 

The organic electroluminescent element of Example 9 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 1, the emitted light was found to have the luminescent 

peak at about 615 nm. In addition, the emitted light was found to have a 

luminance of 580 cd/m2 at 8V according to the measurements of luminance at 

various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 300 hours for the element to decrease in 

luminance by half. 
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Example 10 

This example demonstrates the production of an organic 

electroluminescent element of single hetero structure in which the luminescent 

layer capable of electron transfer is made of a mixture of an aminostyryl compound 

represented by the following structural formula (15)-8 and Alq3. The former is 

one of the aminostyryl compounds represented by the above-mentioned general 

formula [I]. 

Structural formula (15)-8: 

The organic electroluminescent element was identical with that of 

Example 2 in layer structure and method of film formation. 

The organic electroluminescent element of Example 10 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 1, the emitted light was found to have the luminescent 

peak at about 610 nm. In addition, the emitted light was found to have a 

luminance of 430 cd/m2 at 8V according to the measurements of luminance at 
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various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 150 hours for the element to decrease in 

luminance by half. 

Example 11 

This example demonstrates the production of an organic 

electroluminescent element of single hetero structure in which the luminescent 

layer capable of electron transfer is made of a mixture of an aminostyryl compound 

represented by the following structural formula (15)-9 and Alq3. The former is 

one of the aminostyryl compounds represented by the above-mentioned general 

formula [I]. 

Structural formula (15)-9: 

The organic electroluminescent element was identical with that of 
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Example 2 in layer structure and method of film formation. 

The organic electroluminescent element of Example 11 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 1, the emitted light was found to have the luminescent 

peak at about 640 nm. In addition, the emitted light was found to have a 

luminance of 800 cd/m2 at 8V according to the measurements of luminance at 

various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 450 hours for the element to decrease in 

luminance by half. 

Example 12 

This example demonstrates the production of an organic 

electroluminescent element of single hetero structure in which the luminescent 

layer capable of electron transfer is made of a mixture of an aminostyryl compound 

represented by the following structural formula (15)-11 and Alq3.   The former is 
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one of the aminostyryl compounds represented by the above-mentioned general 

formula [I]. 

Structural formula (15)-11: 

The organic electroluminescent element was identical with that of 

Example 2 in layer structure and method of film formation. 

The organic electroluminescent element of Example 12 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted orange light. By spectral 

analysis in the same way as in Example 1, the emitted light was found to have the 

luminescent peak at about 580 nm. In addition, the emitted light was found to 

have a luminance of 1000 cd/m2 at 8V according to the measurements of 

luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 
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application of constant current.   It took 750 hours for the element to decrease in 

luminance by half. 

Example 13 

This example demonstrates the production of an organic 

electroluminescent element of single hetero structure in which the luminescent 

layer capable of electron transfer is made of a mixture of an aminostyryl compound 

represented by the following structural formula (15)-12 and Alq3. The former is 

one of the aminostyryl compounds represented by the above-mentioned general 

formula [I]. 

Structural formula (15)-12: 

The organic electroluminescent element was identical with that of 

Example 2 in layer structure and method of film formation. 

The organic electroluminescent element of Example 13 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted orange light. By spectral 

analysis in the same way as in Example 1, the emitted light was found to have the 
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luminescent peak at about 600 nm. In addition, the emitted light was found to 

have a luminance of 850 cd/m2 at 8V according to the measurements of luminance 

at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 600 hours for the element to decrease in 

luminance by half. 

Example 14 

This example demonstrates the production of an organic 

electroluminescent element of single hetero structure in which the luminescent 

layer capable of electron transfer is made of a mixture of an aminostyryl compound 

represented by the following structural formula (17)-1 and Alq3. The former is 

one of the aminostyryl compounds represented by the above-mentioned general 

formula [I]. 
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Structural formula (17)-1: 

The organic electroluminescent element was identical with that of 

Example 2 in layer structure and method of film formation. 

The organic electroluminescent element of Example 14 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 1, the emitted light was found to have the luminescent 

peak at about 620 nm. In addition, the emitted light was found to have a 

luminance of 1500 cd/m2 at 8V according to the measurements of luminance at 

various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 800 hours for the element to decrease in 

luminance by half. 
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Example 15 

This example demonstrates the production of an organic 

electroluminescent element of single hetero structure in which the luminescent 

layer capable of electron transfer is made of a mixture of an aminostyryl compound 

represented by the following structural formula (17)-2 and Alq3. The former is 

one of the aminostyryl compounds represented by the above-mentioned general 

formula [I]. 

Structural formula (17)-2: 

The organic electroluminescent element was identical with that of 

Example 2 in layer structure and method of film formation. 

The organic electroluminescent element of Example 15 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 1, the emitted light was found to have the luminescent 

peak at about 645 nm. In addition, the emitted light was found to have a 

luminance of 1200 cd/m2 at 8V according to the measurements of luminance at 
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various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 700 hours for the element to decrease in 

luminance by half. 

Example 16 

This example demonstrates the production of an organic 

electroluminescent element of single hetero structure in which the luminescent 

layer capable of electron transfer is made of a mixture of an aminostyryl compound 

represented by the following structural formula (17)-3 and Alq3. The former is 

one of the aminostyryl compounds represented by the above-mentioned general 

formula [I]. 

Structural formula (17)-3: 

The organic electroluminescent element was identical with that of 
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Example 2 in layer structure arid method of film formation. 

The organic electroluminescent element produced in this manner was 

examined for luminescent characteristics by applying a forward bias dc voltage in 

a nitrogen atmosphere. It emitted red light. By spectral analysis in the same 

way as in Example 1, the emitted light was found to have the luminescent peak at 

about 590 nm. In addition, the emitted light was found to have a luminance of 

780 cd/m2 at 8V according to the measurements of luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 500 hours for the element to decrease in 

luminance by half. 

Example 17 

This example demonstrates the production of an organic 

electroluminescent element of single hetero structure in which the luminescent 

layer capable of electron transfer is made of a mixture of an aminostyryl compound 

represented by the following structural formula (17)-4 and Alq3. The former is 

one of the aminostyryl compounds represented by the above-mentioned general 
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formula [I]. 

Structural formula (17)-4: 

The organic electroluminescent element was identical with that of 

Example 2 in layer structure and method of film formation. 

The organic electroluminescent element of Example 17 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 1, the emitted light was found to have the luminescent 

peak at about 620 nm. In addition, the emitted light was found to have a 

luminance of 1100 cd/m2 at 8V according to the measurements of luminance at 

various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current.   It took 600 hours for the element to decrease in 
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luminance by half. 

Example 18 

This example demonstrates the production of an organic 

electroluminescent element of single hetero structure in which the luminescent 

layer capable of electron transfer is made of a mixture of an aminostyryl compound 

represented by the following structural formula (17)-5 and Alq3. The former is 

one of the aminostyryl compounds represented by the above-mentioned general 

formula [I]. 

Structural formula (17)-5: 

The organic electroluminescent element was identical with that of 

Example 2 in layer structure and method of film formation. 

The organic electroluminescent element of Example 18 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 1, the emitted light was found to have the luminescent 

peak at about 650 nm.   In addition, the emitted light was found to have a 
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luminance of 700 cd/m2 at 8V according to the measurements of luminance at 

various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of .200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 400 hours for the element to decrease in 

luminance by half. 

Example 19 

This example demonstrates the production of an organic 

electroluminescent element of single hetero structure in which the luminescent 

layer capable of electron transfer is made of a mixture of an aminostyryl compound 

represented by the following structural formula (15)-5 and Alq3. The former is 

one of the aminostyryl compounds represented by the above-mentioned general 

formula [I]. 

Structural formula (15)-5: 
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The organic electroluminescent element was identical with that of 

Example 2 in layer structure and method of film formation. 

The organic electroluminescent element of Example produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 1, the emitted light was found to have the luminescent 

peak at about 655 nm. In addition, the emitted light was found to have a 

luminance of 1500 cd/m2 at 8V according to the measurements of luminance at 

various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 700 hours for the element to decrease in 

luminance by half. 

Example 20 

This example demonstrates the production of an organic 

electroluminescent element of single hetero structure in which the luminescent 

layer capable of hole transfer is made of a mixture of an aminostyryl compound 
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represented by the above-mentioned structural formula (15)-3 and a-NPD, and the 

luminescent layer capable of electron transfer is made of a mixture of an 

aminostyryl compound represented by the above-mentioned structural formula 

(15)-3 and Alq3. The former is one of the aminostyryl compounds represented by 

the above-mentioned general formula [I]. 

First, the process was started by setting in a vacuum vapor deposition 

apparatus a glass substrate (30 X 30 mm) having a 100-nm thick anode of ITO 

formed on one side thereof. The substrate was covered with a metal mask having 

a plurality of unit openings each measuring 2.0 X 2.0 mm. On the substrate 

were deposited by vacuum deposition (at 10"4 Pa or less) the aminostyryl 

compound of the above-mentioned structural formula (15)-3 and a-NPD (as the 

hole transfer material). There was formed a 50-nm thick hole transfer layer 

(functioning also as a luminescent layer) consisting of the two components in a 

ratio of 1:1 by weight.   The rate of deposition was 0.1 nm/sec. 

Then, on the hole transfer layer (functioning also as a luminescent layer) 

were deposited by vacuum deposition the aminostyryl compound of the 

above-mentioned structural formula (15)-3 and Alq3 (as the electron transfer 

material). There was formed a 50-nm thick electron transfer layer (functioning 

also as a luminescent layer) consisting of the two components in a ratio of 1:1 by 
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weight.   The rate of deposition was 0.1 nm/sec. 

The cathode (in laminate structure) was formed from Mg and Ag by 

vacuum deposition. The Mg film was 50 nm thick and the Ag film was 150 nm 

thick. The rate of deposition was 1 nm/sec. Thus there was obtained the organic 

electroluminescent element of Example 20 as shown Fig. 3. 

The organic electroluminescent element of Example 20 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis 

with a spectroscope having a photodiode array as a detector (made by Otsuka 

Electronics Co., Ltd.), the emitted light was found to have the luminescent peak at 

about 635 nm. In addition, the emitted light was found to have a luminance of 

1800 cd/m2 at 8V according to the measurements of luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 1000 hours for the element to decrease in 

luminance by half. 

Example 21 
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This example demonstrates the production of an organic 

electroluminescent element in which the luminescent layer capable of hole transfer 

is made of a mixture of an aminostyryl compound represented by the 

above-mentioned structural formula (15)-3 and a-NPD (a-naphthylphenyldiamine). 

The former is one of the aminostyryl compounds represented by the 

above-mentioned general formula [I]. 

First, the process was started by setting in a vacuum vapor deposition 

apparatus a glass substrate (30 X 30 mm) having a 100-nm thick anode of ITO 

formed on one side thereof. The substrate was covered with a metal mask having 

a plurality of unit openings each measuring 2.0 X 2.0 mm. On the substrate 

were deposited by vacuum deposition (at 10"4 Pa or less) the aminostyryl 

compound of the above-mentioned structural formula (15)-3 and a-NPD (as the 

hole transfer material). There was formed a 50-nm thick hole transfer layer 

(functioning also as a luminescent layer) consisting of the two components in a 

ratio of 1:1 by weight.   The rate of deposition was 0.1 nm/sec. 

Then, on the hole transfer layer (functioning also as a luminescent layer) 

was deposited by vacuum deposition vasocuproin of the following structural 

formula. There was formed a 15-nm thick hole blocking layer. The rate of 

deposition was 0.1 nm/sec. 
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Vasocuproin: 

Then, on the hole blocking layer was deposited Alq3 

(tris(8-quinolinol)aluminum) of the above-mentioned structural formula. There 

was formed a 50-nm thick electron transfer layer. The rate of deposition was 0.2 

nm/sec. 

The cathode (in laminate structure) was formed from Mg and Ag by 

vacuum deposition. The Mg film was 50 nm thick and the Ag film was 150 nm 

thick. The rate of deposition was 1 nm/sec. Thus there was obtained the organic 

electroluminescent element of Example 21 as shown Fig. 7. 

The organic electroluminescent element of Example 21 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis 

with a spectroscope having a photodiode array as a detector (made by Otsuka 

Electronics Co., Ltd.), the emitted light was found to have the luminescent peak at 

about 630 nm.   In addition, the emitted light was found to have a luminance of 
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2500 cd/m2 at 8V according to the measurements of luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 1000 hours for the element to decrease in 

luminance by half. 

Example 22 

This example demonstrates the production of an organic 

electroluminescent element in which the luminescent layer capable of electron 

transfer is made of a mixture of an aminostyryl compound represented by the 

above-mentioned structural formula (15)-3 and Alq3. The former is one of the 

aminostyryl compounds represented by the above-mentioned general formula [I]. 

First, the process was started by setting in a vacuum vapor deposition 

apparatus a glass substrate (30 X 30 mm) having a 100-nm thick anode of ITO 

formed on one side thereof. The substrate was covered with a metal mask having 

a plurality of unit openings each measuring 2.0 X 2.0 mm. On the substrate 

was deposited by vacuum deposition (at 10"4 Pa or less) a-NPD by the 

under-mentioned structural formula to form a 30-nm thick film.   The rate of 
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deposition was 0.1 nm/sec. 

Then, on the hole transfer layer was co-deposited by vacuum deposition 

a 1:1 mixture (by weight) of the compound of the above-mentioned structural 

formula (15)-3 and Alq3 as the electron transfer material. There was formed a 

30-nm thick electron transfer layer (functioning also as a luminescent layer) 

composed of the above-mentioned two components.   The rate of deposition was 

J: 0.2 nm/sec. u 
C3 Q Then, on the hole transfer layer (functioning also as a luminescent layer) 
J3 
5"! was deposited by vacuum deposition vasocuproin of the above-mentioned 

s structural formula.   There was formed a 15-nm thick hole blocking layer. The 

Jf rate of deposition was 0.1 nm/sec. 

O Then,  on  the  hole  blocking  layer  was  deposited  Alq3  of the 
m 

above-mentioned structural formula as the electron transfer layer material. There 

was formed a 30-nm thick electron transfer layer. The rate of deposition was 0.2 

nm/sec. 

The cathode (in laminate structure) was formed from Mg and Ag by 

vacuum deposition. The Mg film was 50 nm thick and the Ag film was 150 nm 

thick. The rate of deposition was 1 nm/sec. Thus there was obtained the organic 

electroluminescent element as shown Fig. 9. 
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The organic electroluminescent element of Example 22 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 21, the emitted light was found to have the 

luminescent peak at about 630 nm. In addition, the emitted light was found to 

have a luminance of 3400 cd/m2 at 8V according to the measurements of 

luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 1200 hours for the element to decrease in 

luminance by half. 

Example 23 

This example demonstrates the production of an organic 

electroluminescent element in which the luminescent layer is made of a mixture of 

an aminostyryl compound represented by the above-mentioned structural formula 

(15)-3 and an aminostyryl compound represented by the above-mentioned 

structural formula (15)-1. 
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First, the process was started by setting in a vacuum vapor deposition 

apparatus a glass substrate (30 X 30 mm) having a 100-nm thick anode of ITO 

formed on one side thereof. The substrate was covered with a metal mask having 

a plurality of unit openings each measuring 2.0 X 2.0 mm. On the substrate 

was deposited by vacuum deposition (at 10"4 Pa or less) a-NPD to form a 30-nm 

thick film.   The rate of deposition was 0.2 nm/sec. 

Then, on the hole transfer layer was co-deposited by vacuum deposition a 

1:3 mixture (by weight) of the compound of the above-mentioned structural 

formula (15)-3 and the compound of the above-mentioned structural formula 

(15)-1 as the luminescent material. There was formed a 30-nm thick luminescent 

layer composed of the above-mentioned two compounds. The rate of deposition 

was 0.1 nm/sec for the former compound and 0.3 nm/sec for the latter compound. 

Then, on the luminescent layer was deposited by vacuum deposition 

vasocuproin of the above-mentioned structural formula as the hole blocking layer 

material. There was formed a 15-nm thick hole blocking layer. The rate of 

deposition was 0.1 nm/sec. 

Then, on the hole blocking layer was deposited Alq3 of the 

above-mentioned structural formula as the electron transfer material. There was 

formed a 30-nm thick electron transfer layer.   The rate of deposition was 0.2 
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nm/sec. 

The cathode (in laminate structure) was formed from Mg and Ag by 

vacuum deposition. The Mg film was 50 nm thick and the Ag film was 150 nm 

thick. The rate of deposition was 1 nm/sec. Thus there was obtained the organic 

electroluminescent element of Example 23 as shown Fig. 9. 

The organic electroluminescent element of Example 23 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 21, the emitted light was found to have the 

luminescent peak at about 64Q nm. In addition, the emitted light was found to 

have a luminance of 4000 cd/m2 at 8V according to the measurements of 

luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 1600 hours for the element to decrease in 

luminance by half. 

Example 24 
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This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 

mixture of an aminostyryl compound of the above-mentioned structural formula 

(15)-3 and DCM of the above-mentioned structural formula. The former is one of 

the aminostyryl compounds represented by the above-mentioned general formula 

PI- 

First, the process was started by setting in a vacuum vapor deposition 

apparatus a glass substrate (30 X 30 mm) having a 100-nm thick anode of ITO 

formed on one side thereof. The substrate was covered with a metal mask having 

a plurality of unit openings each measuring 2.0 X 2.0 mm. On the substrate 

was deposited by vacuum deposition (at 10"4 Pa or less) a-NPD to form a 30-nm 

thick film.   The rate of deposition was 0.1 nm/sec. 

Then, on the hole transfer layer was co-deposited by vacuum deposition 

a 10:1 mixture (by weight) of the compound of the above-mentioned structural 

formula (15)-3 and the above-mentioned DCM. There was formed a 30-nm thick 

electron transfer layer (functioning also as a luminescent layer) composed of the 

above-mentioned two compounds. The rate of deposition was 0.5 nm/sec for the 

former compound and 0.05 nm/sec for the latter compound. 

Then, on the luminescent layer was deposited by vacuum deposition 
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vasocuproin of the above-mentioned structural formula as the hole blocking layer 

material. There was formed a 15-nm thick hole blocking layer. The rate of 

deposition was 0.1 nm/sec. 

Then, on the hole blocking layer was deposited Alq3 of the 

above-mentioned structural formula as the electron transfer material. There was 

formed a 30-nm thick electron transfer layer. The rate of deposition was 0.2 

nm/sec. 

The cathode (in laminate structure) was formed from Mg and Ag by 

vacuum deposition. The Mg film was 50 nm thick and the Ag film was 150 nm 

thick. The rate of deposition was 1 nm/sec. Thus there was obtained the organic 

electroluminescent element as shown Fig. 9. 

The organic electroluminescent element of Example 24 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 21, the emitted light was found to have the 

luminescent peak at about 630 nm. In addition, the emitted light was found to 

have a luminance of 1000 cd/m2 at 8V according to the measurements of 

luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 
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month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 600 hours for the element to decrease in 

luminance by half. 

Example 25 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 

mixture of an aminostyryl compound of the above-mentioned structural formula 

(15)-2 and Alq3. The former is one of the aminostyryl compounds represented by 

the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of Example 

22 in layer structure and method of film formation. 

The organic electroluminescent element of Example 25 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted orange light. By spectral 

analysis in the same way as in Example 21, the emitted light was found to have the 

luminescent peak at about 590 nm. In addition, the emitted light was found to 

have a luminance of 1100 cd/m2 at 8V according to the measurements of 
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luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 700 hours for the element to decrease in 

luminance by half. 

Example 26 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 

mixture of an aminostyryl compound of the above-mentioned structural formula 

(15)-4 and Alq3. The former is one of the aminostyryl compounds represented by 

the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 22 in layer structure and method of film formation. 

The organic electroluminescent element of Example 26 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 21, the emitted light was found to have the 
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luminescent peak at about 610 nm. In addition, the emitted light was found to 

have a luminance of 1000 cd/m2 at 8V according to the measurements of 

luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 550 hours for the element to decrease in 

luminance by half. 

Example 27 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 

mixture of an aminostyryl compound of the above-mentioned structural formula 

(15)-6 and Alq3. The former is one of the aminostyryl compounds represented by 

the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 22 in layer structure and method of film formation. 

The organic electroluminescent element of Example 27 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 
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dc voltage in a nitrogen atmosphere. It emitted orange light. By spectral 

analysis in the same way as in Example 21, the emitted light was found to have the 

luminescent peak at about 585 nm. In addition, the emitted light was found to 

have a luminance of 600 cd/m2 at 8V according to the measurements of luminance 

at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 300 hours for the element to decrease in 

luminance by half. 

Example 28 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 

mixture of an aminostyryl compound of the above-mentioned structural formula 

(15)-7 and Alq3. 

The organic electroluminescent element was identical with that of 

Example 22 in layer structure and method of film formation. 

The organic electroluminescent element of Example 28 produced in this 
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manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 21, the emitted light was found to have the 

luminescent peak at about 615 nm. In addition, the emitted light was found to 

have a luminance of 650 cd/m2 at 8V according to the measurements of luminance 

at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 350 hours for the element to decrease in 

luminance by half. 

Example 29 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 

mixture of an aminostyryl compound of the above-mentioned structural formula 

(15)-8 and Alq3. The former is one of the aminostyryl compounds represented by 

the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 
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Example 22 in layer structure and method of film formation. 

The organic electroluminescent element of Example 29 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 21, the emitted light was found to have the 

luminescent peak at about 610 nm. In addition, the emitted light was found to 

have a luminance of 500 cd/m2 at 8V according to the measurements of luminance 

at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 200 hours for the element to decrease in 

luminance by half. 

Example 30 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 

mixture of an aminostyryl compound of the above-mentioned structural formula 

(15)-9 and Alq3.   The former is one of the aminostyryl compounds represented by 
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the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 22 in layer structure and method of film formation. 

The organic electroluminescent element of Example 30 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 21, the emitted light was found to have the 

luminescent peak at about 640 nm. In addition, the emitted light was found to 

have a luminance of 920 cd/m2 at 8V according to the measurements of luminance 

at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 480 hours for the element to decrease in 

luminance by half. 

Example 31 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 
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mixture of an aminostyryl compound of the above-mentioned structural formula 

(15)-11 and Alq3. The former is one of the aminostyryl compounds represented 

by the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 22 in layer structure and method of film formation. 

The organic electroluminescent element of Example 31 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted orange light. By spectral 

analysis in the same way as in Example 21, the emitted light was found to have the 

luminescent peak at about 580 nm. In addition, the emitted light was found to 

have a luminance of 1100 cd/m2 at 8V according to the measurements of 

luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 800 hours for the element to decrease in 

luminance by half. 

Example 32 
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This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 

mixture of an aminostyryl compound of the above-mentioned structural formula 

(15)-12 and Alq3. The former is one of the aminostyryl compounds represented 

by the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 22 in layer structure and method of film formation. 

The organic electroluminescent element of Example 32 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted orange light. By spectral 

analysis in the same way as in Example 21, the emitted light was found to have the 

luminescent peak at about 600 nm. In addition, the emitted light was found to 

have a luminance of 900 cd/m2 at 8V according to the measurements of luminance 

at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current.   It took 660 hours for the element to decrease in 
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luminance by half. 

Example 33 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 

mixture of an aminostyryl compound of the above-mentioned structural formula 

(17)-1 and Alqs. The former is one of the aminostyryl compounds represented by 

the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 22 in layer structure and method of film formation. 

The organic electroluminescent element of Example 33 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 21, the emitted light was found to have the 

luminescent peak at about 620 nm. In addition, the emitted light was found to 

have a luminance of 1650 cd/m2 at 8V according to the measurements of 

luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration.   For accelerated deterioration, the element with 
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an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current.   It took 880 hours for the element to decrease in 

luminance by half. 

Example 34 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 

mixture of an aminostyryl compound of the above-mentioned structural formula 

(17)-2 and Alq3. The former is one of the aminostyryl compounds represented by 

the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 22 in layer structure and method of film formation. 

The organic electroluminescent element produced in this manner was 

examined for luminescent characteristics by applying a forward bias dc voltage in 

a nitrogen atmosphere. It emitted red light. By spectral analysis in the same 

way as in Example 21, the emitted light was found to have the luminescent peak at 

about 645 nm. In addition, the emitted light was found to have a luminance of 

1300 cd/m2 at 8V according to the measurements of luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced.   It remained intact 
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without any sign of deterioration.   For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current.   It took 800 hours for the element to decrease in 

luminance by half. 

Example 35 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 

mixture of an aminostyryl compound of the above-mentioned structural formula 

(17)-3 and Alq3. The former is one of the aminostyryl compounds represented by 

the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 22 in layer structure and method of film formation. 

The organic electroluminescent element produced in this manner was 

examined for luminescent characteristics by applying a forward bias dc voltage in 

a nitrogen atmosphere. It emitted red light. By spectral analysis in the same 

way as in Example 21, the emitted light was found to have the luminescent peak at 

about 600 nm. In addition, the emitted light was found to have a luminance of 

1450 cd/m2 at 8V according to the measurements of luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 
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month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 700 hours for the element to decrease in 

luminance by half. 

Example 36 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 

mixture of an aminostyryl compound of the above-mentioned structural formula 

(17)-4 and Alq3. The former is one of the aminostyryl compounds represented by 

the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 22 in layer structure and method of film formation. 

The organic electroluminescent element of Example 36 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 21, the emitted light was found to have the 

luminescent peak at about 620 nm. In addition, the emitted light was found to 

have a luminance of 1200 cd/m2 at 8V according to the measurements of 
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luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 650 hours for the element to decrease in 

luminance by half. 

Example 37 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 

mixture of an aminostyryl compound of the above-mentioned structural formula 

(17)-5 and Alq3. The former is one of the aminostyryl compounds represented by 

the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 22 in layer structure and method of film formation. 

The organic electroluminescent element of Example 37 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 21, the emitted light was found to have the 
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luminescent peak at about 650 nm. In addition, the emitted light was found to 

have a luminance of 800 cd/m2 at 8V according to the measurements of luminance 

at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 500 hours for the element to decrease in 

luminance by half. 

Example 38 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 

mixture of an aminostyryl compound of the above-mentioned structural formula 

(15)-5 and Alq3. 

The organic electroluminescent element was identical with that of 

Example 22 in layer structure and method of film formation. 

The organic electroluminescent element of Example 38 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere.   It emitted red light.   By spectral analysis in 
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the same way as in Example 21, the emitted light was found to have the 

luminescent peak at about 655 nm. In addition, the emitted light was found to 

have a luminance of 1720 cd/m2 at 8V according to the measurements of 

luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 780 hours for the element to decrease in 

luminance by half. 

Example 39 

This example demonstrates the production of an organic 

electroluminescent element in which the hole transfer layer is made of a mixture of 

an aminostyryl compound of the above-mentioned structural formula (15)-3 and 

a-NPD and the electron transfer layer is made of a mixture of an aminostyryl 

compound of the above-mentioned structural formula (15)-3 and Alq3. The 

former is one of the aminostyryl compounds represented by the above-mentioned 

general formula [I]. 

First, the process was started by setting in a vacuum vapor deposition 
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apparatus a glass substrate (30 X 30 mm) having a 100-nm thick anode of ITO 

formed on one side thereof. The substrate was covered with a metal mask having 

a plurality of unit openings each measuring 2.0 X 2.0 mm. On the substrate 

were deposited by vacuum deposition (at 10"4 Pa or less) the compound of the 

above-mentioned structural formula (15)-3 and a-NPD (as the hole transfer 

material). There was formed a 30-nm thick hole transfer layer (functioning also 

as a luminescent layer) consisting of the two components mixed in a ratio of 1:1 by 

weight.   The rate of deposition was 0.1 nm/sec each. 

Then, on the hole transfer layer (functioning also as a luminescent layer) 

was co-deposited by vacuum deposition a 1:1 mixture (by weight) of the 

compound of the above-mentioned structural formula (15)-3 and Alq3 (as an 

electron transfer material). There was formed a 30-nm thick electron transfer 

layer (functioning also as a luminescent layer) composed of the above-mentioned 

two compounds.   The rate of deposition was 0.2 nm/sec each. 

Then, on the electron transfer layer (functioning also as a luminescent 

layer) was deposited by vacuum deposition vasocuproin of the above-mentioned 

structural formula as the hole blocking layer material. There was formed a 15-nm 

thick hole blocking layer.   The rate of deposition was 0.1 nm/sec. 

Then,  on  the  hole  blocking  layer was   deposited  Alq3  of the 
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above-mentioned structural formula as the electron transfer material. There was 

formed a 30-nm thick electron transfer layer. The rate of deposition was 0.2 

nm/sec. 

The cathode (in laminate structure) was formed from Mg and Ag by 

vacuum deposition. The Mg film was 50 nm thick and the Ag film was 150 nm 

thick. The rate of deposition was 1 nm/sec. Thus there was obtained the organic 

electroluminescent element of Example 39 as shown Fig. 9. 

The organic electroluminescent element of Example 39 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis 

with a spectroscope having a photodiode array as a detector (made by Otsuka 

Electronics Co., Ltd.), the emitted light was found to have the luminescent peak at 

about 635 nm. In addition, the emitted light was found to have a luminance of 

2900 cd/m2 at 8V according to the measurements of luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current.   It took 1100 hours for the element to decrease in 
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luminance by half. 

Example 40 

This example demonstrates the production of an organic 

electroluminescent element in which the hole transfer layer is made of an 

aminostyryl compound of the above-mentioned structural formula (15)-3 in the 

aminostyryl compounds represented by the above-mentioned general formula [I]. 

First, the process was started by setting in a vacuum vapor deposition 

apparatus a glass substrate (30 X 30 mm) having a 100-nm thick anode of ITO 

formed on one side thereof. The substrate was covered with a metal mask having 

a plurality of unit openings each measuring 2.0 X 2.0 mm. On the substrate 

was deposited by vacuum deposition (at 10"4 Pa or less) the aminostyryl compound 

of the above-mentioned structural formula (15)-3. There was formed a 50-nm 

thick hole transfer layer (functioning also as a luminescent layer). The rate of 

deposition was 0.1 nm/sec each. 

Then, on the hole transfer layer was deposited by vacuum deposition 

vasocuproin of the above-mentioned structural formula as the hole blocking layer 

material. There was formed a 15-nm thick hole blocking layer. The rate of 

deposition was 0.1 nm/sec. 

Then,    on    the    hole    blocking    layer    was    deposited Alq3 
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(tris(8-quinolinol)aluminum) of the above-mentioned structural formula as the 

electron transfer layer material. There was formed a 50-nm thick electron transfer 

layer.   The rate of deposition was 0.2 nm/sec. 

The cathode (in laminate structure) was formed from Mg and Ag by 

vacuum deposition. The Mg film was 50 nm thick and the Ag film was 150 nm 

thick. The rate of deposition was 1 nm/sec. Thus there was obtained the organic 

electroluminescent element of Example 40 as shown Fig. 7. 

The organic electroluminescent element of Example 40 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis 

with a spectroscope having a photodiode array as a detector (made by Otsuka 

Electronics Co., Ltd.), the emitted light was found to have the luminescent peak at 

about 640 nm. In addition, the emitted light was found to have a luminance of 

3000 cd/m2 at 8V according to the measurements of luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current.   It took 1100 hours for the element to decrease in 
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luminance by half. 

Example 41 

This example demonstrates the production of an organic 

electroluminescent element in which the luminescent layer capable of electron 

transfer s made an aminostyryl compound of the above-mentioned structural 

formula (15)-3 in the aminostyryl compounds represented by the above-mentioned 

general formula [I]. 

First, the process was started by setting in a vacuum vapor deposition 

apparatus a glass substrate (30 X 30 mm) having a 100-nm thick anode of ITO 

formed on one side thereof. The substrate was covered with a metal mask having 

a plurality of unit openings each measuring 2.0 X 2.0 mm. On the substrate 

was deposited by vacuum deposition (at 10"4 Pa or less) a-NPD of the 

under-mentioned structural formula. There was formed a 30-nm thick layer. 

The rate of deposition was 0.1 nm/sec each. 

Then, on the hole transfer layer was deposited by vacuum deposition the 

compound of the above-mentioned structural formula (15)-3. There was formed a 

30-nm thick electron transfer layer (functioning also as a luminescent layer) of the 

compound of the above-mentioned structural formula (15)-3. The rate of 

deposition was 0.2 nm/sec. 
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Then, on the luminescent blocking layer was deposited vasocuproin of 

the above-mentioned structural formula as the hole blocking layer material. 

There was formed a 15-nm thick hole blocking layer. The rate of deposition was 

0.1 nm/sec. 

Then,  on the  hole blocking  layer was  deposited Alq3  of the 

above-mentioned structural formula as the electron transfer layer material. There 

was formed a 30 nm thick electron transfer layer.   The rate of deposition was 0.2 

O nm/sec. 

The cathode (in laminate structure) was formed from Mg and Ag by 

f*       vacuum deposition.   The Mg film was 50 nm thick and the Ag film was 150 nm 

thick.   The rate of deposition was 1 nm/sec.   Thus there was obtained the organic 
p 
\IJ        electroluminescent element as shown Fig. 9. 
O fij The organic electroluminescent element of Example 41 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 40, the emitted light was found to have the 

luminescent peak at about 640 nm. In addition, the emitted light was found to 

have a luminance of 3800 cd/m2 at 8V according to the measurements of 

luminance at various voltages. 
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The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 1500 hours for the element to decrease in 

luminance by half. 

Example 42 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of an 

aminostyryl compound of the above-mentioned structural formula (15)-2 in the 

aminostyryl compounds represented by the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 41 in layer structure and method of film formation. 

The organic electroluminescent element produced in this manner was 

examined for luminescent characteristics by applying a forward bias dc voltage in 

a nitrogen atmosphere. It emitted orange light. By spectral analysis in the same 

way as in Example 40, the emitted light was found to have the luminescent peak at 

about 600 nm. In addition, the emitted light was found to have a luminance of 

1200 cd/m2 at 8V according to the measurements of luminance at various voltages. 
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The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 800 hours for the element to decrease in 

luminance by half. 

Example 43 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of an 

aminostyryl compound of the above-mentioned structural formula (15)-4 in the 

aminostyryl compounds represented by the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 41 in layer structure and method of film formation. 

The organic electroluminescent element produced in this manner was 

examined for luminescent characteristics by applying a forward bias dc voltage in 

a nitrogen atmosphere. It emitted red light. By spectral analysis in the same 

way as in Example 40, the emitted light was found to have the luminescent peak at 

about 620 nm. In addition, the emitted light was found to have a luminance of 

1100 cd/m2 at 8V according to the measurements of luminance at various voltages. 
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The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 600 hours for the element to decrease in 

luminance by half. 

Example 44 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 

compound of the above-mentioned structural formula (15)-6 in the aminostyryl 

compounds represented by the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 41 in layer structure and method of film formation. 

The organic electroluminescent element of Example 44 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted orange light. By spectral 

analysis in the same way as in Example 40, the emitted light was found to have the 

luminescent peak at about 595 nm. In addition, the emitted light was found to 

have a luminance of 700 cd/m2 at 8V according to the measurements of luminance 
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at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 300 hours for the element to decrease in 

luminance by half. 

Example 45 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of an 

aminostyryl compound of the above-mentioned structural formula (15)-7 in the 

aminostyryl compounds represented by the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 41 in layer structure and method of film formation. 

The organic electroluminescent element of Example 45 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted orange light. By spectral 

analysis in the same way as in Example 40, the emitted light was found to have the 

luminescent peak at about 620 nm.   In addition, the emitted light was found to 
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have a luminance of 750 cd/m2 at 8V according to the measurements of luminance 

at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 450 hours for the element to decrease in 

luminance by half. 

Example 46 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of an 

aminostyryl compound of the above-mentioned structural formula (15)-8 in the 

aminostyryl compounds represented by the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 41 in layer structure and method of film formation. 

The organic electroluminescent element of Example 46 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 40, the emitted light was found to have the 
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luminescent peak at about 620 nm. In addition, the emitted light was found to 

have a luminance of 520 cd/m2 at 8V according to the measurements of luminance 

at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 250 hours for the element to decrease in 

luminance by half. 

Example 47 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of an 

aminostyryl compound of the above-mentioned structural formula (15)-9 in the 

aminostyryl compounds represented by the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 41 in layer structure and method of film formation. 

The organic electroluminescent element of Example 47 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere.   It emitted red light.   By spectral analysis in 
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the same way as in Example 40, the emitted light was found to have the 

luminescent peak at about 650 nm. In addition, the emitted light was found to 

have a luminance of 1000 cd/m2 at 8V according to the measurements of 

luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 600 hours for the element to decrease in 

luminance by half. 

Example 48 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of an 

aminostyryl compound of the above-mentioned structural formula (15)-11 in the 

aminostyryl compounds represented by the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 41 in layer structure and method of film formation. 

The organic electroluminescent element of Example 48 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 
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dc voltage in a nitrogen atmosphere. It emitted orange light. By spectral 

analysis in the same way as in Example 40, the emitted light was found to have the 

luminescent peak at about 590 nm. In addition, the emitted light was found to 

have a luminance of 1200 cd/m2 at 8V according to the measurements of 

luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 850 hours for the element to decrease in 

luminance by half. 

Example 49 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of an 

aminostyryl compound of the above-mentioned structural formula (15)-12 in the 

aminostyryl compounds represented by the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 41 in layer structure and method of film formation. 

The organic electroluminescent element of Example 49 produced in this 
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manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 40, the emitted light was found to have the 

luminescent peak at about 610 nm. In addition, the emitted light was found to 

have a luminance of 930 cd/m2 at 8V according to the measurements of luminance 

at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 700 hours for the element to decrease in 

luminance by half. 

Example 50 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of an 

aminostyryl compound of the above-mentioned structural formula (17)-1 in the 

aminostyryl compounds represented by the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 41 in layer structure and method of film formation. 
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The organic electroluminescent element produced in this manner was 

examined for luminescent characteristics by applying a forward bias dc voltage in 

a nitrogen atmosphere. It emitted red light. By spectral analysis in the same 

way as in Example 40, the emitted light was found to have the luminescent peak at 

about 630 nm. In addition, the emitted light was found to have a luminance of 

1700 cd/m2 at 8V according to the measurements of luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 1000 hours for the element to decrease in 

luminance by half. 

Example 51 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 

compound of the above-mentioned structural formula (17)-2 in the aminostyryl 

compounds represented by the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 

Example 41 in layer structure and method of film formation. 
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The organic electroluminescent element of Example 51 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted orange light. By spectral 

analysis in the same way as in Example 40, the emitted light was found to have the 

luminescent peak at about 655 nm. In addition, the emitted light was found to 

have a luminance of 1400 cd/m2 at 8V according to the measurements of 

luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 850 hours for the element to decrease in 

luminance by half. 

Example 52 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of an 

aminostyryl compound of the above-mentioned structural formula (17)-3. 

The organic electroluminescent element was identical with that of 

Example 41 in layer structure and method of film formation. 
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The organic electroluminescent element of Example 52 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 40, the emitted light was found to have the 

luminescent peak at about 600 nm. In addition, the emitted light was found to 

have a luminance of 900 cd/m2 at 8V according to the measurements of luminance 

s , at various voltages. 
b Q The organic electroluminescent element was allowed to stand for one 
O 
p|        month in a nitrogen atmosphere after it had been produced.   It remained intact 
fy 
.H*        without any sign of deterioration.   For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

\I3        application of constant current.   It took 650 hours for the element to decrease in 
a ni luminance by half. 

Example 53 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 

compound of the above-mentioned structural formula (17)-4 in the aminostyryl 

compounds represented by the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 
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Example 41 in layer structure and method of film formation. 

The organic electroluminescent element produced in this manner was 

examined for luminescent characteristics by applying a forward bias dc voltage in 

a nitrogen atmosphere. It emitted red light. By spectral analysis in the same 

way as in Example 40, the emitted light was found to have the luminescent peak at 

about 630 nm. In addition, the emitted light was found to have a luminance of 

1300 cd/m2 at 8V according to the measurements of luminance at various voltages. 

The organic electroluminescent element of Example 53 was allowed to 

stand for one month in a nitrogen atmosphere after it had been produced. It 

remained intact without any sign of deterioration. For accelerated deterioration, 

the element with an initial luminance of 200 cd/m2 was allowed to emit light 

continuously by application of constant current. It took 750 hours for the element 

to decrease in luminance by half. 

Example 54 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of a 

compound of the above-mentioned structural formula (17)-5 in the aminostyryl 

compounds represented by the above-mentioned general formula [I]. 

The organic electroluminescent element was identical with that of 
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Example 41 in layer structure and method of film formation. 

The organic electroluminescent element of Example 54 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 40, the emitted light was found to have the 

luminescent peak at about 660 nm. In addition, the emitted light was found to 

have a luminance of 800 cd/m2 at 8V according to the measurements of luminance 

at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 500 hours for the element to decrease in 

luminance by half. 

Example 55 

This example demonstrates the production of an organic 

electroluminescent element in which the electron transfer layer is made of an 

aminostyryl compound of the above-mentioned structural formula (15)-5 in the 

aminostyryl compounds represented by the above-mentioned general formula [I]. 
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The organic electroluminescent element was identical with that of 

Example 41 in layer structure and method of film formation. 

The organic electroluminescent element of Example 55 produced in this 

manner was examined for luminescent characteristics by applying a forward bias 

dc voltage in a nitrogen atmosphere. It emitted red light. By spectral analysis in 

the same way as in Example 40, the emitted light was found to have the 

luminescent peak at about 660 nm. In addition, the emitted light was found to 

have a luminance of 1700 cd/m2 at 8V according to the measurements of 

luminance at various voltages. 

The organic electroluminescent element was allowed to stand for one 

month in a nitrogen atmosphere after it had been produced. It remained intact 

without any sign of deterioration. For accelerated deterioration, the element with 

an initial luminance of 200 cd/m2 was allowed to emit light continuously by 

application of constant current. It took 900 hours for the element to decrease in 

luminance by half. 

Industrial Applicability 

The organic electroluminescent element of the present invention is 

constructed such that an organic layer having a luminescent region is arranged 
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between an anode and a cathode. The organic layer is composed of more than 

one layer, and at least one layer contains at least one species of aminostyryl 

compounds represented by the above-mentioned general formula [I] alone or in the 

form of a mixture. Therefore, the luminescent region can be formed from such a 

specific aminostyryl compound and/or a material capable of efficient energy 

transmission to it. Thus, the organic electroluminescent element has high 

fluorescence yields and good thermal stability, and emits red light with high color 

purity, high luminance, and high reliability. 

In addition, the organic electroluminescent element has a hole blocking 

layer as mentioned above. This hole blocking layer promotes recombination of 

holes and electrons in the luminescent layer, although the organic 

electroluminescent element containing the above-mentioned aminostyryl 

compound inherently has high quantum yields. Thus the organic 

electroluminescent element emits light with high luminance and high efficiency. 


